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ABSTRACT 
 
 
Due to the degradation in battery lifetime directly impacts by load performance, reliability 
and safety operation of the battery cannot be guaranteed. In turn, safety precautions can be 
taken by monitoring battery performance from charging/discharging signals behaviour. 
Analyse the battery charging/discharging signals become challenging as the signal 
characteristic appears at very low frequency. Therefore, fast and accurate analysis in 
estimating battery parameters for real-time monitoring system should be proposed and 
developed. This research presents analysis of the battery charging/discharging signals 
using a spectral analysis technique, namely periodogram and time-frequency distributions 
(TFDs) which are spectrogram and S-transform techniques. The analysed batteries are lead 
acid (LA), nickel-metal hydride (Ni-MH) and lithium-ion (Li-ion). From the equivalent 
circuit model (ECM) simulated using MATLAB, constant charging/discharging signals are 
presented, jointly, in time-frequency representation (TFR). From the TFR, battery signal 
characteristics are determined from the estimated parameters of instantaneous of total 
voltage (VTOT (t)), instantaneous of average voltage (VAVG (t)) and instantaneous of ripple 
factor voltage (VRF (t)). Hence, an equation for battery remaining capacity as a function of 
estimated parameter of VRF (t) using curve fitting tool is presented. In developing a real-
time automated battery parameters estimation system, best TFD is chosen in terms of 
accuracy of battery parameters, computational complexity in signal processing and 
memory size. Advantages in high accuracy for battery parameters estimation and low in 
memory size requirement makes S-transform technique is selected to be the best TFD. The 
accuracy of the system is verified with parameters estimation using ECM for each type of 
battery at a different capacity. The field testing results show that average mean absolute 
percentage error (MAPE) is around four percent. Thus, implementation of S-transform 
technique for real-time automated battery parameters estimation system is very appropriate 
for battery signal analysis. 
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ABSTRAK 
 
 
Disebabkan oleh pengurangan jangka hayat bateri kesan langsung dari prestasi beban, 
kebolehpercayaan dan keselamatan ketika bateri beroperasi tidak terjamin. Sebaliknya, 
langkah keselamatan boleh diambil dengan memantau prestasi bateri melalui perilaku 
isyarat pengecasan/menyahcas. Analisa isyarat pengecasan/menyahcas bateri menjadi 
cabaran kerana ciri-ciri muncul pada frekuensi yang sangat rendah. Oleh itu, analisis 
yang cepat dan tepat bagi anggaran parameter bateri untuk sistem pemantauan semasa 
perlu dicadangkan dan dibangunkan. Kajian ini membentangkan analisis bagi 
pengecasan/menyahcas isyarat bateri menggunakan teknik analisis spektrum, iaitu 
periodogram dan taburan masa frekuensi (TMF) iaitu spectrogram dan S-transformasi 
teknik. Analisis bateri adalah bagi asid plumbum (LA), nikel-logam hidrida (Ni-MH) dan 
litium-ion (Li-ion). Dari simulasi model litar setara (MLS) menggunakan MATLAB, 
isyarat berterusan pengecasan/menyahcas dibentangkan, bersama, dalam perwakilan 
masa frekuensi (PMF). Melalui PMF, ciri-ciri isyarat bateri ditentukan daripada 
anggaran parameter bagi voltan jumlah serta merta (VJ (m)), voltan purata serta merta 
(VP (m)) dan voltan faktor riak serta merta (VFR (m)). Oleh itu, satu persamaan baki 
kapasiti bateri sebagai fungsi bagi anggaran parameter VFR (m) menggunakan alat 
pengukur lengkuk dibentangkan. Dalam membagunkan sistem anggaran parameter bateri 
automatik semasa, TMF terbaik dipilih dari segi ketepatan parameter bateri, kerumitan 
pengiraan dalam pemprosesan isyarat dan saiz memori. Kelebihan dalam ketepatan yang 
tinggi untuk anggaran parameter bateri dan keperluan memori saiz yang rendah 
menjadikan teknik S-transfomasi dipilih sebagai TMF terbaik. Ketepatan sistem disahkan 
melalui anggaran parameter menggunakan MLS bagi setiap jenis bateri pada kapasiti 
yang berbeza. Ujian prestasi menunjukkan bahawa purata min ralat peratusan mutlak 
(MRPM) adalah sekitar empat peratus. Oleh yang demikian, sistem anggaran parameter 
bateri automatik semasa adalah sangat sesuai untuk analisis isyarat bateri. 
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CHAPTER 1 
 
INTRODUCTION 
 
1.1 Introduction 
The increased utilization of renewable energy and mobility equipment leads batteries 
to be more pervasively used as the energy storage tank. The type of batteries is differentiated 
by the materials used and the common types of batteries are lead acid (LA), nickel-metal 
hydride (Ni-MH) and lithium-ion (Li-ion) (Micea et al., 2011). The LA battery is commonly 
selected as a backup for appliances such as automotive lighting and ignition application. This 
type of battery is not suitable for portable appliances but is still selected due to its low 
investment cost. To overcome the limitations of LA batteries, Ni-MH battery is invented. 
This battery is widely used in appliances such as portable cameras and is considered more 
environmental friendly with high storage and energy densities (Hussein and Batarseh, 2011). 
Nevertheless, with the superiority in high power and energy density, stable physical 
properties and long shelf life, Li-ion battery has become an alternative source to fulfil the 
necessary load (Gao et al., 2015). Li-ion battery is known to be the best among other types 
of batteries and is capable of transmitting power for a variety of applications either as backup 
or for portable equipment.  
Different types of battery transmit different amount of power which depends on the 
duration of charging or discharging cycle. The cycle can be categorized into three, namely 
short, medium and long. The capability of the batteries in transmitting the power for a longer 
